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Contrast-Enhanced T1-Weighted Three-
dimensional Gradient-Echo MR Imaging of the

Whole Spine for Intradural Tumor
Dissemination

Takeshi Sugahara, Yukunori Korogi, Toshinori Hirai, Yoshinori Shigematu, Yukitaka Ushio, and
Mutsumasa Takahashi

BACKGROUND AND PURPOSE: When evaluating intradural tumor dissemination in the
spine, contrast-enhanced T1-weighted 2D spin-echo (2D-SE) images are frequently problematic
because most of the lesions are very small. Our purpose was to compare 2D-SE images with 3D
gradient-echo (3D-GE) postcontrast images to determine which technique is better for depict-
ing intradural tumor dissemination.

METHODS: Ten patients with and 10 without intradural tumor dissemination were examined
prospectively with MR imaging. After contrast administration, all patients underwent sagittal
imaging with 2D-SE and 3D-GE sequences. Subsequently, the 2D-SE, 3D-GE, and multiplanar
reconstruction (MPR) images of the 3D-GE sequence were evaluated for image quality, lesion
detectability, signal-to-noise ratio (SNR), and contrast-to-noise ratio (CNR) of the dissemi-
nated lesions.

RESULTS: Although delineation of spinal cord from CSF was slightly poorer on the 3D-GE
sequences than on the 2D-SE sequences, the difference was not significant. In the evaluation of
image artifacts and contrast between spinal cord and CSF, there was no significant difference.
In seven patients with nodular enhancement, the 3D-GE sequence detected 46 lesions and the
2D-SE sequence detected 36. With MPR, the greatest number of lesions (n 5 51) was detected,
and vascular enhancement was clearly distinguished. There was no difference in SNR and CNR
of lesions between the 3D-GE and 2D-SE sequences.

CONCLUSION: The contrast-enhanced 3D-GE technique offers advantages over 2D-SE
imaging in detecting intradural tumor dissemination, especially when the MPR technique is
applied. This technique should be used for detecting intradural tumor dissemination.
As part of the diagnostic evaluation of patients with
suspected intradural tumor dissemination from ma-
lignant intracranial tumors, contrast-enhanced MR
imaging of the spine and CSF cytologic examination
are commonly used for determining clinical staging,
prognosis, and response to treatment (1). Although
the contrast-enhanced T1-weighted 2D spin-echo
(2D-SE) technique is useful in the evaluation of in-
traaxial metastases and leptomeningeal dissemination
in the head, problems may occur in the detection of
tumor dissemination in the spine: examination of the
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whole spine is time-consuming if the axial images are
acquired after the sagittal images, and normal intra-
vascular enhancement of the medullary veins is prob-
lematic because these vessels are situated at the sur-
face of the spinal cord and are sometimes difficult to
distinguish from pathologic conditions (2, 3). The
past few years have witnessed the development of a
multitude of MR gradient-echo (GE) sequences.
However, their utility, to our knowledge, has not been
studied systematically. Therefore, we compared the
2D-SE technique with the 3D-GE technique after
contrast injection to determine which sequence was
better for detecting intradural tumor dissemination.

Methods

Subjects
Contrast-enhanced MR imaging of the spine was performed

prospectively in 10 patients with and in 10 without intradural
3
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tumor dissemination. The 10 patients with intradural tumor
dissemination included five males and five females (mean age,
46 years; range, 3 to 66 years) with medulloblastoma (n 5 2),
germinoma (n 5 2), malignant ependymoma (n 5 2), glioblas-
toma (n 5 1), anaplastic astrocytoma (n 5 1), pilocytic astro-
cytoma (n 5 1), and lung carcinoma (n 5 1).

In one patient with malignant ependymoma, the presence of
tumor dissemination in the spine was confirmed by autopsy.
One patient with cerebellar pilocytic astrocytoma had no local
recurrence for 12 years after surgical resection. However, MR
examination, performed when the patient reported neurologic
symptoms, disclosed intraspinal tumors. Since dissemination
from pilocytic astrocytoma is rare and 12 years had passed since
surgery, surgical resection was performed to confirm the his-
topathologic findings. In one patient with glioblastoma, partial
tumor resection in the spine was performed because intraspinal
tumors occupying the canal space caused neurologic deterio-
ration. In one patient with germinoma, which was diffusely
disseminated in both intracranial and intraspinal subarachnoid
spaces, open biopsy of the intraspinal lesion was performed to
obtain histologic proof of diagnosis. In the remaining six pa-
tients, final diagnosis was based on findings at follow-up MR
imaging, which disclosed that the enhanced lesions either had
disappeared after radiochemotherapy or had progressively in-
creased. All 10 patients had follow-up MR imaging 9 months or
more (maximum, 22 months) after the initial MR study.

The other 10 patients (five males and five females; mean
age, 28 years; range, 10 to 63 years), who served as control
subjects, underwent contrast-enhanced MR imaging of the
spine because of clinical signs of multiple sclerosis (n 5 6) as
part of a routine examination to rule out canal stenosis caused
by spondylosis (n 5 2) or to rule out tumor after clinical
diagnosis of myelopathy (n 5 2).

MR Imaging
MR imaging was performed at 1.5 T with a circular polar

phased-array spinal coil, which facilitates imaging along the full
length of the spine. To reduce the examination time, the entire
spine was imaged during one session. After the sagittal T1-
weighted SE and T2-weighted fast SE imaging sequences were
obtained, sagittal contrast-enhanced 3D-GE and 2D-SE imag-
ing was performed. All sagittal images were acquired with a
rectangular field of view (FOV) to obtain finer spatial resolu-
tion in the phase-encoding direction. The 10 patients with
intradural tumor dissemination underwent 2D-SE and 3D-GE
studies after administration of 0.15 mmol/kg of contrast mate-
rial; the 10 without intradural tumor dissemination were exam-
ined after administration of 0.10 mmol/kg of contrast material.
The T1-weighted SE and contrast-enhanced 2D-SE sequences
in the sagittal plane were acquired with parameters of 500/15/1
(TR/TE/excitations), 4-mm-thick sections, and a 0.4-mm inter-
section gap. The acquisition time was 4 minutes 19 seconds.
The T2-weighted fast SE sequence in the sagittal plane was
performed with parameters of 4000/120/2 (TR/TEeff/excita-
tions), 4-mm-thick sections, and a 0.4-mm intersection gap. The
acquisition time was 4 minutes 52 seconds. The parameters for
the contrast-enhanced 3D-GE sequence were 35/6/1 (TR/TE/
excitations), 1-mm-thick sections, and a flip angle of 35°. The
acquisition time was 6 minutes 34 seconds. For all sequences, a
32- to 48-cm FOV and a 256 3 512 matrix were used. The
contrast-enhanced 3D-GE images were reconstructed with a
multiplanar reconstruction (MPR) technique, yielding images
in all three orthogonal planes. The total scan time ranged from
25 to 40 minutes.

Image Analysis
As previously reported (3), enhancement was attributed to

spinal cord vessels on the basis of typical location of the vessels
and whether the enhancement was linear, uniform in size, and
continuous in the craniocaudal direction on sagittal images.
Enhancement was attributed to vessels on the surface of the
nerve roots when it was found adjacent to the nerve root and
was uniform in size. Enhancement was attributed to intradural-
extramedullary tumor deposits when it appeared nodular,
lacked craniocaudal contiguity, and was nonuniform in size.

Qualitative Analysis
Two radiologists, who were blinded to the clinical histories

of all 20 patients, independently evaluated the image quality
and artifacts on the sagittal contrast-enhanced 2D-SE and
3D-GE images for the following: contrast between spinal cord
and CSF, delineation of spinal cord from CSF, motion artifacts,
and artifacts induced by pulsation transmitted from the heart
and large vessels. Judgments regarding contrast and delinea-
tion of spinal cord from CSF were ranked on a four-point scale,
as follows: 1 5 poor, 2 5 fair, 3 5 good, and 4 5 excellent.
Responses regarding artifacts were ranked similarly as 1 5
absent, 2 5 mild, 3 5 moderate, and 4 5 severe.

The radiologists then evaluated the appearance of the le-
sions on the sagittal contrast-enhanced 2D-SE, 3D-GE, and
MPR images. The MPR images were always analyzed in con-
junction with the corresponding sagittal contrast-enhanced
3D-GE images because of the potential for misinterpretation
inherent in the evaluation of MPR images alone. On a set of
MR images, disseminated lesions were coded as present, ab-
sent, or questionable. The final interpretation was obtained by
consensus.

Quantitative Analysis
The signal-to-noise ratio (SNR) and contrast-to-noise ratio

(CNR) on the images of patients with intradural tumor dissem-
ination were calculated by one radiologist, who used the fol-
lowing formulas: SNR 5 SI lesion/noise, and CNR 5 (SI
lesion 2 SI cord)/noise, where SI indicates signal intensity and
noise indicates SD of noise along the phase-encoding direction
in spaces outside the body. The SI was measured by using an
electric cursor that encompassed a large portion of the lesion,
and the same cursor size was used to measure the SI of the
adjacent CSF and noise outside the patient. For patients who
had more than five lesions in any one of the cervical, thoraco-
lumbar, and cauda equina segments, five lesions were chosen at
random for evaluation. To minimize the partial volume effect
on CNR measurements, the larger lesions were chosen. When
the enhanced lesions were small, the image was magnified on
the monitor and regions of interest were placed.

Statistical Analysis
The statistical significance of the quantitative and qualitative

results was determined by using Student’s t-test. Interobserver
agreement for the independent analysis of lesion detection
(before the final interpretation by consensus) was assessed with
the k statistic (4). The difference was considered statistically
significant when the P value was less than .01.

Results

Qualitative Analysis
Image Quality.—The results of the qualitative eval-

uation of the images and artifacts are summarized in
Table 1. The contrast and the delineation of spinal
cord from CSF were poorer on the contrast-enhanced
3D-GE sequence than on the contrast-enhanced SE
sequence (P 5 .011 and P , .001, respectively), al-
though the contrast-enhanced 3D-GE sequence was
of satisfactory quality. The artifacts induced by pa-
tient motion and pulsation of the heart and large



AJNR: 19, October 1998 INTRADURAL TUMOR DISSEMINATION 1775
TABLE 1: Results of qualitative evaluation of image quality and arti-
facts for contrast-enhanced 2D-SE versus 3D-GE sequences in 20
patients

Parameter 2D-SE 3D-GE

Contrast between cord and
CSF

3.40 6 0.49 3.00 6 0.45

Delineation of cord from CSF 3.45 6 0.50 2.95 6 0.59*
Motion artifacts 1.20 6 0.51 1.10 6 0.30
Flow artifacts 1.50 6 0.50 1.50 6 0.50

Note.—Data indicate mean 6 SD; 2D-SE, T1-weighted 2D spin-
echo; 3D-GE, T1-weighted 3D gradient-echo.

* P , .01.
TABLE 2: Results of lesion detectability on contrast-enhanced 2D-SE
versus 3D-GE sequences in 10 patients with intradural
tumor dissemination

Imaging
Sequence

Disseminated Lesions

Questionable Present

2D-SE 7 36
3D-GE 4 46

3D-GE 1 MPR 0 51

Note.—Data indicate mean 6 SD; 2D-SE, T1-weighted 2D spin-
echo; 3D-GE, T1-weighted 3D gradient-echo; MPR, multiplanar recon-
struction images.
FIG 1. 12-year-old girl (control patient).
A and B, Linear enhancement on the

surface of the spinal cord is seen on sag-
ittal image obtained with the contrast-en-
hanced 2D-SE technique (arrowheads, A )
and on sagittal image obtained with the
contrast-enhanced 3D-GE technique (ar-
rowheads, B ).

C, The coronal image, reconstructed
from the contrast-enhanced 3D-GE im-
age, clearly shows continuous linear en-
hancement related to the median vein (ar-
rowheads). The medullary vein (arrow)
was identified by the continuity to the me-
dian vein on the serial MR images.
vessels were not different between the contrast-en-
hanced 2D-SE sequence and the 3D-GE sequence.

Lesion Detectability.—In the two patients with ma-
lignant ependymoma and the one with germinoma,
which were proved by open biopsy or autopsy, tumor
dissemination was diffusely continuous through the
intradural space and could be identified on both the
contrast-enhanced 2D-SE and 3D-GE images. These
three patients were excluded from the evaluation of
lesion detectability because the number of diffusely
continuous tumor deposits could not be counted. In
the remaining seven patients with intradural tumor
dissemination, the number of tumor deposits was
counted by two other observers. Enhancement that
was linear, uniform in size, and continuous was inter-
preted as spinal cord vessels (Fig 1) or vessels on the
surface of the nerve roots.

Table 2 summarizes the results of lesion detection
in the patients with intradural tumor dissemination,
excluding the three patients with diffusely continuous
intradural tumor dissemination. Thirty-six lesions
ranked as present on the contrast-enhanced 2D-SE
images were also interpreted as present on the con-
trast-enhanced 3D-GE images. Four of eight lesions
were ranked as absent and four of seven lesions as
questionable on the contrast-enhanced 2D-SE images
but interpreted as present on the contrast-enhanced
3D-GE images. The remaining seven lesions were
interpreted as questionable on the contrast-enhanced
3D-GE images. However, these lesions were clearly
depicted on the MPR images and ranked as present
(Fig 2). One of two lesions disseminated on the lat-
eral surface of the spinal cord could not be detected
on the contrast-enhanced 2D-SE and 3D-GE images.
With use of the MPR technique, this lesion was
clearly demonstrated (Fig 3). Diffusely continuous
intradural tumor dissemination was seen in three pa-
tients, and lesion extension was depicted comparably
on the contrast-enhanced 2D-SE and 3D-GE images.
There was good interobserver agreement for the as-
sessment of lesion detection (k 5 .87, P , .01).

In one patient with tumor dissemination from cer-
ebellar pilocytic glioma, MR imaging was performed
to investigate whether intradural tumor dissemination
was present. A minimally enhanced lesion was ob-
served in the thoracic canal but was not clearly de-
picted on the contrast-enhanced 2D-SE images. This
lesion was interpreted as questionable. However, the
contrast-enhanced 3D-GE images clearly depicted
the enhanced lesion and, therefore, this patient un-
derwent resection of the enhanced lesion, which was
confirmed as intradural tumor dissemination (Fig 4).

In three patients without intradural tumor dissem-
ination, two lesions in two patients were ranked as
questionable on both contrast-enhanced 2D-SE and
3D-GE images, and one lesion in one patient was
ranked as questionable on the contrast-enhanced
2D-SE image and as absent on the contrast-enhanced
3D-GE image because the spotty enhancements were
observed on only one sagittal or parasagittal section
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FIG 2. 8-year-old girl with tumor dis-
semination from cerebellar medulloblas-
toma. The final diagnosis was based on
follow-up MR studies in which all en-
hanced lesions completely disappeared
after radiochemotherapy.

A, On sagittal contrast-enhanced
2D-SE image, two areas of linear en-
hancement were observed on the surface
of the spinal cord (arrow, arrowheads).
These areas were ranked as questionable
because they could not be differentiated
from a tortuous posterior median vein.
The areas of linear enhancement along
the ventral and dorsal cord surfaces were
consistent with the anterior and posterior
median veins, respectively.

B, On sagittal contrast-enhanced
3D-GE image, one lesion was ranked as
present because of nodular and discon-
tinuous enhancement (arrowhead ). How-
ever, another lesion (arrow) was inter-
preted as questionable because the area
of enhancement was relatively small and
the interpreters concluded that the en-
hancement could not be differentiated
from a tortuous posterior median vein.

C, On coronal image, reconstructed
from the contrast-enhanced 3D-GE im-
age, the enhanced lesion, which was
ranked as questionable on the contrast-
enhanced 3D-GE image, is clearly seen
and ranked as present (straight arrow). Another tumor dissemination, which cannot be detected on the sagittal MR images, is observed
(curved arrow). The typical linear enhancement of the posterior median vein (arrowheads) is often observed on coronal MPR images.
and thus the interpreters could not determine
whether to attribute the enhancement to normal veins
or to tumor deposits. However, with the use of the
MPR technique, these lesions were confirmed as nor-
mal vascular enhancement, such as seen for the me-
dian or great medullary veins, because enhancement
was continuous and uniform in size and vessels were
typically located.

Quantitative Analysis
The results of the quantitative evaluation are sum-

marized in Table 3. The SNR and CNR for the
contrast-enhanced 2D-SE sequence did not differ sig-
nificantly from those for the 3D-GE sequence. The
SNR for the contrast-enhanced 3D-GE sequence was
slightly lower but the CNR was higher than for the
contrast-enhanced 2D-SE images.

Discussion
A correct diagnosis of intradural tumor dissemina-

tion is essential for patients with malignant CNS tu-
mor, especially germinoma, medulloblastoma, and
malignant glioma, because of the implications for
treatment planning and prognosis. The reported fre-
quency of intradural tumor dissemination in germi-
noma is 52% to 60% as detected with cytologic ex-
amination (5, 6), and those reports recommend
irradiation of the cerebrospinal axis at 20 to 24 Gy to
improve survival rate. In medulloblastoma, the re-
ported frequency of intradural tumor dissemination is
17% to 46% (7–9), with patients in whom spinal cord
involvement is apparent at the time of diagnosis most
at risk for recurrence in the spinal cord. The fre-
quency of intradural tumor dissemination has been
reported at 33% in children with malignant gliomas,
and contrast-enhanced T1-weighted MR imaging was
recommended for postoperative evaluation of the spi-
nal axis because one of the risk factors for intradural
tumor dissemination is the operation itself, and the
mortality rate is very high once intradural tumor dis-
semination has occurred (10). In another study of
intradural tumor dissemination from malignant tu-
mors, a prompt diagnosis was concluded to be essen-
tial to preserve normal neural function, local tumor
control, and spinal stability (11). To determine
whether intradural tumor dissemination is present,
CSF cytologic examinations are frequently per-
formed, but these techniques are inherently invasive
and have the risk of sampling error (12).

Despite the advantages of phased-array coils and
3D imaging, it has not been demonstrated that these
techniques have the potential to reliably depict the
abnormal contrast enhancement of intradural dis-
eases in the spine, especially in patients with intra-
dural tumor dissemination who should undergo whole
spine examination for treatment planning. Therefore,
we evaluated the depiction of intradural tumor dis-
semination as well as the normal appearance of the
whole spine and the image quality achieved with the
contrast-enhanced 3D-GE technique using the circu-
lar polar phased-array coil to determine whether this
technique is a potential alternative to the contrast-
enhanced 2D-SE technique.

We found that the contrast-enhanced 2D-SE im-
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FIG 3. 3-year-old boy with tumor dis-
semination from cerebellar medulloblas-
toma. The final diagnosis was based on
follow-up MR studies in which all en-
hanced lesions completely disappeared
after radiochemotherapy.

A–C, Minimal enhancement (straight ar-
rows) is observed on the surface of the
spinal cord on the sagittal contrast-en-
hanced 2D-SE image (A ) and on the
3D-GE image (B ). This enhancement was
ranked as present on both images. The
coronal image (C ), reconstructed from the
contrast-enhanced 3D-GE image, shows
two areas of nodular enhancement, one of
which (arrowhead ) was not detected on
either the sagittal contrast-enhanced
2D-SE image or the 3D-GE image. In this
case, image artifacts are more conspicu-
ous on the 3D-GE image than on the
2D-SE image, and some of the artifacts
resemble tumor dissemination (curved ar-
row, B ). However, motion artifacts can be
easily distinguished from intradural tumor
dissemination because the signal intensity

of artifacts is lower than that of tumor dissemination, the origin of motion artifacts is easily identified, and the relationship between the
artifacts and the spinal cord is clear.
ages in the sagittal plane frequently failed to depict
intradural tumor dissemination. These images were
acquired by using 4-mm-thick sections and a 0.4-mm
intersection gap to minimize the reduction in SNR
and T1 contrast (13–15). With these parameters, the
voxel sizes for the contrast-enhanced 2D-SE images
ranged from 1.56 to 3.52 mm3, whereas those for the
3D-GE images ranged from 0.39 to 0.88 mm3. Voxel
volume is inversely proportional to spatial resolution,
which was 400% greater for the contrast-enhanced
3D-GE images than for the 2D-SE images. In addi-
tion to providing markedly reduced voxel volumes,
the use of contrast-enhanced 3D-GE imaging also
results in the elimination of intersection gaps. Intra-
dural tumor dissemination is minimal in some pa-
tients and can be situated anywhere in the spine.
Therefore, the imaging technique must provide high
spatial resolution and cover the entire spine.

The contrast-enhanced 3D-GE technique also pro-
vided SNR and CNR of intradural tumor dissemina-
tion comparable to that available with the contrast-
enhanced 2D-SE technique. As indicated in a
previous report on intracranial lesions (16), the SNR
of 3D-GE images is inherently lower than that of SE
images because the voxel volumes are very small and
the SNR on the 3D-GE images is affected by cross-
excitation between adjacent imaging sections and by
such effects as artifacts due to motion, susceptibility,
and chemical shift. In addition, SNR is influenced by
variable parameters such as TR, TE, flip angle, and
number of partitions (17, 18). However, the SNR and
CNR of disseminated lesions on 3D-GE images are
equivalent to those on 2D-SE images. Those results
may have been caused by the short TE of 6 millisec-
onds used for the 3D-GE sequence, which minimized
signal loss from the T2 decay effect, and by the flip
angle of 35°, which enhanced the T1 effects (19). The
thin sections used for the 3D-GE sequence also may
have minimized signal loss from the partial volume
effects.

The excitation of a large volume of tissue rather
than individual sections leads to another important
advantage of the contrast-enhanced 3D-GE tech-
nique. Contrast-enhanced 3D-GE images can be re-
formatted in any orthogonal or oblique imaging plane
after the images have been acquired and the patient
has left the department. Such reformations may also
be acquired along a tilted or curved plane and can be
generated in near real time by using current image-
processing workstations. Although the plane is varied
according to the suspected location of the abnormal-
ity, the lesions located at the lateral surface of the
spinal cord are not readily depicted by the contrast-
enhanced 2D-SE technique and, if disseminated le-
sions are overlooked on the initial 2D-SE images in
the sagittal plane, another plane may not be scanned.
It is possible to scan the entire spine in the coronal or
axial plane, but this is so time-consuming that it is
clinically impractical.

Depiction of the median spinal and great medullary
veins on coronal images reformatted from 3D-GE
images is often advantageous. It may be difficult to
ascertain whether these vascular structures are patho-
logic lesions or not. In the thoracolumbar spine, the
anterior median vein is usually a single, midline trunk,
ranging in size from 0.5 to 1.5 mm (20). The posterior
median vein and other posterior coronal veins tend to
be more tortuous than the veins on the anterior and
lateral cord surfaces, and their tortuosity increases
with age (21). The medullary veins are not present at
every segmental level and the number of anterior
medullary veins ranges from eight to approximately
20 (18, 20). The largest (1.5 to 2.0 mm) are in the
thoracolumbar region, identified as the great anterior
and/or posterior medullary veins (22). Although one
previous report indicated that these veins are differ-
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FIG 4. A 20-year-old man with dissemi-
nation from pilocytic astrocytoma. The fi-
nal diagnosis was based on surgical find-
ings.

A, On the parasagittal contrast-en-
hanced 2D-SE image, minimal enhance-
ment is seen on the surface of the spinal
cord (arrow). This enhancement was
ranked as questionable.

B, Nodular enhancement (arrow) is
clearly depicted on the parasagittal con-
trast-enhanced 3D-GE image.

C, The coronal image, reconstructed
from the contrast-enhanced 3D-GE im-
age, clearly shows nodular enhancement
related to the dissemination (arrow). The
midline linear enhancement (arrowheads)
below the nodular enhancement shows
median vein.
entiated from pathologic conditions on the basis of
their typical location, size, and contiguity on contrast-
enhanced sagittal and axial SE images (17), differen-
tiating between them is not necessarily easy. On the
other hand, the contrast-enhanced 3D-GE sequence
with the use of the MPR technique clearly depicts the
continuous vascular structures and confirms the ab-
sence of tumor dissemination.

Generally, flow artifacts are accentuated on 2D-SE
images after administration of contrast material ow-
ing to the intraluminal T1-shortening effects of the
contrast agent (23). Gradient-moment nulling (flow
compensation) techniques may reduce flow artifacts
but cannot be implemented with short-TE SE imag-
ing. The shorter TEs available with 3D-GE imaging,
as well as the reduced section thickness, lead to a
further reduction of flow artifacts. In contrast, patient
motion during image acquisition leads to more severe
artifacts on the 3D-GE images than on the 2D-SE
images, because phase encoding is performed in two

TABLE 3: SNR and CNR for disseminated lesions for contrast-
enhanced 2D-SE and 3D-GE sequences

Parameter 2D-SE 3D-GE

SNR 99.0 6 71.8 71.8 6 42.2
CNR 38.4 6 40.4 40.4 6 34.5

Note.—Data indicate mean 6 SD; SNR, signal-to-noise ratio;
CNR, contrast-to-noise ratio; 2D-SE, T1-weighted 2D spin-echo; 3D-
GE, T1-weighted 3D gradient-echo.
axes rather than one. Such artifacts may result in
image blurring or in superimposition of anatomic
structures, either of which obscures anatomic detail
(17). In this study, the motion artifacts were not
different for the two sequences, perhaps because with
the contrast-enhanced 3D-GE sequence not only is
the imaging time relatively short but also the flow and
pulsation artifacts are reduced. Although the 3D-GE
images may produce more severe motion artifacts
than the 2D-SE images owing to the longer acquisi-
tion time, those artifacts can be easily distinguished
from tumor dissemination by carefully observing their
signal intensity, origin, and relationship to the spinal
cord.

In this study, 10 patients with and 10 without intra-
dural tumor dissemination underwent contrast-en-
hanced 2D-SE and 3D-GE studies after administra-
tion of 0.15 and 0.10 mmol/kg of contrast material,
respectively. Because previous studies in the brain
have shown potential benefits from the use of 0.2 to
0.3 mmol/kg of contrast material, similar benefits may
be found with use of higher doses in the spine (24,
25). However, another study (19) showed that a triple
dose did not result in detection of intradural tumor
dissemination in the spine of children; and, at
present, an optimal dose has not been determined.
On the basis of the facts stated above and from an
economic standpoint, we used a dose of 0.15 mmol/kg
for patients in whom intradural tumor dissemination
was suspected and a dose of 0.10 mmol/kg for those in
whom such dissemination was not suspected.
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Conclusion
Contrast-enhanced 3D-GE imaging of the whole

spine offers important advantages over contrast-en-
hanced 2D-SE imaging. Tumor dissemination in the
spine is detected better on contrast-enhanced 3D-GE
images than on contrast-enhanced 2D-SE images.
Therefore, we recommend the routine use of con-
trast-enhanced 3D-GE imaging for evaluation of tu-
mor dissemination in the spine.
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